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Honorable  Walter  F.  Mondale 
President  of  the  Senate 
Washington.,  D.C.  20510 


Dear  Mr.  President: 

I am  pleased  to  transmit  to  you  the  enclosed  study  entitled 
^The  Feasibility,  Practicability  and  Cost  of  the  Soundproofing 
of  Schools,  Hospitals,  and  Public  Health  Facilities  Located 
Near  Airports."  This  study  is  required  by  Section  26(3), 
Appendix  B of  the  Airport  and  Airvniy  Development  Act  AmcMidiaents 
of  1976  (Public  Law  94-353). 


As  a result  of  this  effort,  I have  concluded  that  the  sound- 
proofing of  schools,  hospitals,  and  public  health  facilities  is 
feasible  and  practicable.  The  Department  of  Transportation  will 
be  considering  what  further  actions  may  be  appropriate  to  promote 
this  type  of  noise  alleviation. 


Sincerely, 


Brock  Adams 
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Honorable  Thomas  P.  O'Neill,  Jr. 

Speaker  of  the  House  of  Representatives 
Washington,  D.C.  20515 

Dear  Mr.  Speaker: 

nJ  am  pleased  to  transmit  to  you  the  enclosed  study  entitled 
^The  Feasibility,  Practicability  and  Cost  of  the  Soundproofing 
of  Schools,  Hospitals,  and  Public  Health  Facilities  Located 
Near  Airports."  This  study  is  required  by  Section  26(3), 

Appendix  B of  the  Airport  and  Airway  Development  Act  Amendments 
of  1976  (Public  Law  94-353). 

As  a result  of  this  effort,  I have  concluded  that  the  sound- 
proofing of  schools,  hospitals,  and  public  health  facilities  is 
feasible  and  practicable.  The  Department  of  Ti'ansportation  will 
be  considering  what  further  actions  may  bo  appropriate  to  promote 
this  typo  of  noise  alleviation. 

Sincerely, 


Enclosure 
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UlCF.ST 

Section  26(3)  ot  the  Airport  and  Airways  Development  Act  iimendnient s 
of  1976  (P.  L.  94-353)  requires  the  Secretary  of  Transportation  to 
report  to  the  Congress  witli  respect  to  the  feasibility,  practicability, 
and  cost  of  soundproofing  noise-impacted  schools,  hospitals,  and  public 
health  facilities,  in  order  to  reduce  the  possible  adverse  effects  of 
aircraft  noise.  This  report  fulfills  that  requirement. 

There  is  no  known  direct  health  effect  (e.g.,  hearing  loss)  on  the 
occupants  of  public  buildings  due  to  aircraft  noise  in  the  United  States. 
Aircraft  noise  does  interfere  with  speech  communications  in  affected 
schools,  and  witli  sleeping  or  resting  in  affected  hospitals  and  public 
health  facilities. 

A survey  of  the  impact  of  aircraft  noise  on  60  scliool  and  hospital 
buildings  was  conducted  near  six  major  U.S.  airports  within  Noise  Ex- 
posure Forecast  (NEF)  30  areas  to  acquire  a representative  sample  of 
aircraft  noise  impact  on  such  buildings  nationwide.  These  types  of  pub- 
lic buildings  provide  roughly  a 20  decibel  (dB)  reduction  of  exterior 
noise  levels,  so  that  interior  noise  from  outside  sources  is  perceived 
to  be  approximately  one-quarter  as  loud  as  that  same  noise  just  outside 
each  building  (each  10  dB  reduction  corresponds  to  a halving  of  the 
perceived  loudness).  For  example,  an  aircraft  flyover  producing  an  A- 
weighted  sound  level  of  90  dB  outside  a sciiool  building  would  produce  a 
level  of  70  dB  inside  the  classrooms  of  that  building.  This  level  of 
noise  is  sufficient  to  interfere  with  spoken  communication  between 
teachers  and  their  students,  and  thus  Interrupt  classroom  instruction. 
Improved  noise  reduction  requires  building  modifications,  to  increase 
the  sound  attenuation  of  the  walls  and  ceilings.  It  was  found  that 
certain  building  modifications  could  be  grouped  into  categories  wtiici> 
provide  tile  same  order  of  improvement  in  sound  attenuation.  Category  A 
modifications,  providing  a 10  dB  improvement,  primarily  consist  of 
replacing  existing  windows  witli  sealed  double  glazing,  and  installing 
weatherstripping  and  insulation.  Category  B modifications,  providing  a 
20  dB  improvement,  include  eliminating  windows  and  sealing  those  areas 
with  existing  wall  materials.  Mechanical  ventilation  is  included  in 
either  category. 

Building  modifications  for  noise  reduction  purpi'ses  were  estimated 
for  the  sample  of  60  buildings  surveyed  .as  part  ot  this  study.  Resultant 
noise  reductions  and  costs  provideil  .a  basis  for  extrapolation  to  all 
such  buildings  within  a NEF  30  impact  area  around  airports  natiom<^ide. 

The  nationwide  cost  estimate  for  rehabilitation  of  noise-impacted 
public  and  private  schools,  hospitals  and  public  he.alth  tacilities  near 
nirpi'rts  is  shown  in  the  follow'ing  table  together  with  the  number  of 
noise- Impac ted  occupants  in  these  buildings. 


i 
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Item 

Schools 

Hospitals’ 

Buildings 

1,100 

90 

Occupants 

707,000 

31,000 

Rehabilitation  Cost 

$148,000,000 

$56,000,000 

*lncludes  Public  Health 

Facilit ies 

The  rehabilitation  costs  are  those  necessary  to  achieve  feasible 
and  practicable  limits  of  soundproofing.  While  not  as  accurate  as  a 
case-by-case  application,  these  modifications  reduce  the  total  number  of 
students  impacted  within  the  study  (above  an  ambient  A-weighted  sound 
level  of  55  dB)  from  84.0  to  less  than  10.0  percent,  and  the  total 
number  of  patients  impacted  (above  an  ambient  A-weighted  sound  level  of 
50  dB)  from  97.5  to  21.0  percent.  Reduced  levels  of  rehabilitation 
might  be  preferable  to  those  levels  of  improvement  evaluated  within  the 
study.  These  determinations  should  be  made,  however,  on  a case-by-case 
basis. 

As  a result  of  the  two  categories  of  rehabilitation  assumed  in  the 
study  for  schools,  hospitals  and  public  health  facilities,  it  is  estimated 
that  annually  for  schools,  an  average  of  at  least  $3.3  million  worth  of 
teaching  time  can  be  recovered  and  $1 . 78  million  worth  of  energy  costs 
can  be  saved.  For  hospitals  and  public  health  facilities,  the  energy 
savings  are  estimated  at  $. 25  million.  Additionally,  benefits  attributed 
to  reduced  patient  care  time  are  indicated  although  this  benefit  has  not 
been  estimated. 


INTRODUCTION 


Public  Law  94-353,*  ouacted  July  12,  197b,  requires  that  the 
Secretary  of  Transportation  conduct  a study  to  assess  "tlie  feasibility, 
practicability,  and  cost  of  tl>e  soundproofing  of  scltools,  liospitals,  and 
public  health  taclllties  located  near  airports."  In  conducting;  llie 
study,  the  Secretary  was  to  consult  witli  and  solicit  tlie  views  of  suct> 
planning  agencies,  airport  sponsors,  otiier  public  agencies,  airport 
users,  and  ott\er  interested  persons  or  groups  as  deemed  appropriate. 

Ti>e  Secretary  was  further  required  to  report  tlie  study  results  to 
Congress  witixin  one  yeai  of  the  date  of  enactment  of  Public  l..«w  94-353 
and  to  include  legislative  reconunendations,  if  any,  developed  as  a result 
of  the  study. 

The  findings  and  results  of  tlxis  report  are  based  oxx  a study  con- 
ducted and  associated  efforts  undertaken  by  the  Office  of  Environmental 
Quality  of  tlie  Federal  Aviation  Administration  (FAA) . 

Subsequent  to  tiie  passage  of  Public  Law  94-353,  ti»e  Departim-nt  ot 
Transportation  (DOT)/FAA  has  developed  a comprelxens ive  Aviation  Noise 
Abatement  Policy  statement  (November  18,  197b),  whiclx  stresses  the  need 
for  vigorous  preventative  and  corrective  measures  to  minimize  the  impact 
of  aviation  noise.  Moreover,  ti\e  DOT/FAi\  policy  recognizes  that  tixose 
efforts  cannot  be  successfully  concentrated  upon  the  airplane  alone. 

Action  complementary  to  the  quieting  of  tiie  noise  source  (tlie  alrcr.xft 
engine)  such  as  effective  land  use  planning  must  also  be  encouraged. 

The  soundproofing  of  existing  buildings  is  certainly  consistent  witlx 
that  policy  subject  only  to  the  constraints  of  feasibility,  practicability 
and  cost.  In  addition,  recent  amendments  to  the  F’ederal-aid  Ixiglxway 
statutes  permit  Federal  expenditures  for  the  purpose  of  nixise  attenuation. 
Soundproofing  of  public,  and  in  some  cases  private  structures  oxi  a case- 
by-case  basis  is  proceeding  under  tills  autliority. 

The  study  program  establlslxed  to  fulfill  the  legislative  requirements 
Included  consultation  with  recognized  experts  in  tlie  field  of  acoustics 
and  psychoacoustics;  discussions  with  officials  Ixiiving  Jurisdiction  in 
the  schools,  hospitals  and  public  health  facilities  under  considerat ion; 
and  actual  field  visitation  at  a representative  sampling  ol  building  sltx's 
to  gather  data  from  whicli  determlnat ions  of  cx'sts  and  benefits  would  be 
derived.  To  assist  in  completing  the  technical  aspects,  the  field 
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Section  2b(3),  Appendix  B of  the  Airpxxrt  and  Airway  Development 
Act  Amendments  of  I97b. 


lin'ost  igat  iin\s , anJ  i ho  statist  loal  Inipaot  «iul  ov'st  la^  analvsls  I't  this 
stvivlv  inoytiaiu,  a coutiaol  vas  ostabllshod  with  tho  Trai\s  Svstoms  1\m- 
I'otat  Ion,  VU-uua,  Vii>tinla,  In  conlniutlon  with  WvK-  I ahora  t o»  i os , 11 
Sonuiulo,  Calltornla.  I'his  roport  is  hasoil  In  laigo  part  on  ilio  rosnlts 
ot  that  contractual  otfort.  Tito  docnmoitt  (lHvr/FAA-Ai:i)-77-'>)  containing 
tho  contractual  data  compiled  is  avallahlo  upon  roijuost . 

Vhls  report  is  prosontod  In  a sotiuonco  which  parallels  tho  actvi.il 
study  program  dovolopmont . First,  tho  study  data  had  to  ho  ohtainod. 
rills  exorcise  is  detailed  in  Chapter  J and  contains  a vliscussion  ot  such 
rel.iti'd  maior  items  as  determining  the  no  iso- impact  oil  areas;  tlu'  numhers 
and  regions  ot  the  t ield  tests  ri'nii  i i t'd  in  lUiler  1 1'  vleveU'p  accuratv' 
ilata  IT'r  usi*  in  national  level  projections;  the  nu>t IuhK' logv  through 
which  field  noise  uieasurement  s would  he  takv'ii;  and  the  inst  rument  at  ivni 
necessaiv  for  aciiuiilng  meaningful  data. 

The  magnitude  and  dv'terminat  ion  ot  tin  noise  impact  on  sclu'i'ls,  lu's 
pitals  and  public  health  tacillflt's  around  airports  were  vU-veli'peii  next 
and  are  discussed  in  Chapter  3.  Tills  part  v'f  the  wv'ik  stvMvimed  direct  Iv 
l rom  the  field  investigations  and  measurements  taken. 

Chapter  4 details  those  cv'rrective  engineering  and  const  ruct  iv'ii 
techniques  determined  to  be  applicable  in  rehabilitating  buiUllngs 
impacted  by  airport-related  noise  in  order  to  K'wer  int«'rii»r  lU'ise 
levels. 

The  determination  ot  costs  relatv'd  to  the  rehabilitation  of  airport 
noise-impacted  buildings  is  contained  in  Chapter  b and  is  presented  v'li  a 
national  level.  Varying  regional  construction  and  material  costs  were 
taken  into  cons Iderat  i on  in  addressing  this  aspt'ct  ot  the  w'i>rk. 

Ch.apter  n discusses  the  beiiiMits  that  cmild  bv'  achieved  thiv'ugh  the 
soundproot  ing  of  public  buildings  and  di't  lues  those  beiiv'lits  considered 
to  be  most  significant. 

A det  t-i  minat  iv'n  ot  the  feasibilitv  .ind  prav' t i c.ib  i 1 1 1 v ot  such 
soundproof  ing  is,  in  reality,  a reflection  ot  Ch.ipters  4,  .iiui  n 
I Ki'habl  1 1 tat  ion.  Costs  and  benefits,  respectively)  iiid  is  treati'vl  in 
Chapter  7. 

Cliapter  8 ilescribes  the  type  and  extv'iit  ot  consu  1 1 at  iv'iis  and 
coordination  uiuU'rtaken  at  the  vtirivnis  stages  of  the  si'undpri'v't  ing  study 
program  and  is  followed  bv  a sununarv  v'hapter  tnumbv'r  '•>)  whiv'h  rt' i t i'lat  es 
t h«'  basic  findings  I't  the  entire  study. 

Apart  fri'iii  the  study's  obU'Otives,  but  ot  direct  interest,  it  is 
worth  noting  that  activity  v'li  soundpiv'ot  ing  ot  public  bullillngs  is  pro- 
ceeding at  several  locations  as  a result  v't  local  litigation.  In  .Seattl 
the  operator  of  the  .Seat  t le- T.n'v'ma  Airport  is  being  reviiiirv'il  to  pav  tin- 


cost  ot  souiKiproot  ii\g  several  sclu'w'ls.  This  roqxi I venu'ul  ari>se  out  <.'t 
litigatiou  which  culminated  In  an  opinion  by  the'  Washington  Supreme 
Court.  In  Highline  Scliool  District  v Port  Sea t t I e , 87  Wash  2d  h, 

P.2d  1083  11978),  the  Court  held  tl>at  where  a goveriuuetrtal  vinit  is 
obligated  to  furnislt  service  which  requires  use  ol  property,  just 
Cv>mpensat  ion  tiwy  be  measured  by  the  cost  of  providing  necessary  replace- 
ment facilities  or  tlie  cost  ot  mod i t ica t ions  necessary  to  continue  the 
obligatory  use. 

In  a similar  matter,  the  soundproot ing  of  between  10  and  J5  schools 
near  Los  Angeles  Airport  is  taking  place  uirder  a cv'nsent  decree.  In 
Los  .Angeles  Onitied  School  v Hie  ^f  h^'s  .Ange I es . l.v's  Angeles  Superior 

Court  No.  9b50b7  il97b),  the  parties  agreed  to  exchange  $20.9  million  tor 
a noise  easement  on  bi  schools  in  live  school  districts.  The  Citv  ot 
Los  Angeles  has  lilt'd  a pre-application  with  r.\,A  tor  tunds,  tluough 
the  Airport  Development  Aid  Program,  to  assist  in  this  wv'tk.  KAA 
is  currently  assessing  this  project  to  determine  its  \vssible 
eligibility  under  existing  statutory  authoiity. 
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OlUriKK  1 

nKTfcRMlNATlON  OK  NOISE  lMr.-U:Tb:n  AKKAS 

Invest  i.n.U  ion  ot  iniiKlinits  KHatovl  "neat  airports"  (as  liel  iiu'd  in 
I'ul'lic  l.>iu  tirst  r«'niiiroii  .■  i niut  ii'iia  1 ilt'tinition  I'l  an  ar«‘a 

aroimil  airpiirts  imparted  bv  aireralt  noise.  riu-  Ini  i Id  i ni;s  ei'nsldered  in 
t lie  study  would  t iien  be  those  within  sueh  an  impav'ted  .nrea. 

Ttu'  area  ot  noise  impcu  t surrounding;  an  .tirport  varies  as  .a  tunet  ion 
ot  tlie  aircratt  tvpe  and  number  ot  operations  to  and  I rom  the  airport. 

Vhe  souiidproof  in»;  studv  used  a eoivimv’n  impart  .issessment  ,ippta>art>  lor  all 
a i rport-rommui'.  i t V areas  ronsidered.  The  selerted  appr.'arli  is  known  as  the 
Noise  Kxposure  Korerast  iNKFl  met  liodo  left'' . with  NKK  )0  des  i k;nat  iui;  th«' 
impart  area.  While  several  metrirs  exist  tor  delininj;  tiv'isi'  «'\posure 
around  airpvU'ts,  NKK  10  is  rero};ni/.ed  .ind  undi'rst  I'od  as  a\i  e\posur<.‘  levi-1 
.ibove  whirh  ri'imiiunitv  rourt-rn  iiu'uuts.  riuuelore,  tor  tliis  stuilv,  tht' 
srhot'ls,  hospitals  and  publir  health  tarillties  identitiod  as  beinp.  noise 
imparti'd  are  those  lorated  within  NKF  10  roniv)urs.  K.xreptiv'ns  tv'  this 
impart  rriteriv'u  were  nude  where  a loral  autlu'iitv  idc'ntitiovl  .i  sperilir 
site,  outside  NKl'  10,  as  noise  si-nsitivv'. 

FI  FLO  IN'VKSl  lOAl  tt>NS 

At  the  v'utsei  it  was  evuient  that  a ri'present  at  i re  but  limitv-d 
number  ot  I'u-site  investigations  had  to  bt-  mavU-  v't  srhv'v'ls,  lu'spitals 
auvl  publir  health  tarilities  aiv'und  airports.  rhe  on-site  sampling  w.is 
neressarilv  limited  by  tuudinp  and  time  vu'nst ra  iut s . 

Six  dilterenl  lepiv'us  within  the  rontinent.tl  Fnited  St.uos  were 
I'stablished  as  samplini;  regions.  The  b.tsis  lor  the  d»'t  ermi  n.i  t i v'u  I't 
s.ampl  inj;  regions  inrluded  rlimatii-  renditions,  availabil;tv  i>l  buiKiinp 
m.iterials  and  labor,  tvpe  v't  si'ismir  rv'ue,  lor.il  ov'nst  rur  t iv'u  trends, 
and  Iv'ral  erv'Uv'mir  rv'ud  it  iv'us . Fiitui'e  1 shv'vrs  t lu-  pi-i'pr.iph  iv'.i  1 sep.ir- 
.itii'u  ot  tlu'se  divisions.  A briet  desrriptiv'n  ot  oarh  rer.iv'n  with  it 
ijua  1 i f V i ng  rend  i t i i>ns  t o I I v'ws : 

— Ke>;ion  The  I’.iritir  t'v'ast  1 me . The  .'limate  is  relativelv 

mild  as  tar  iulanvi  as  the  Sierr.i  Nev.uia  loothills.  I'his  .irea 
routains  thrt'e  major  met  ropv' I i t .in  sertiv'ns.  The  I'v'pul.it  iv'n  ov'nren- 
trativ'U  is  relativelv  hiph,  briiiftiup  with  it  the  ini  lux  v't  skilled 
travles.  lumber  is  plentitul  as  are  .i>;>;re,v;.it es  tv'r  n'urrete,  and 
most  I'ther  stanilard  building  materi.ils.  The  high  erv'Uv'mii-  level 
v't  a metropolitan  a’ul  invtustrial  art'.i  pv'rmits  use  ot  more  I'xpi'usive 
methv'ds  .ind  materi.ils  tv'r  .aest  lu't  iv’  purpost's.  Seismiritv  ii'r  this 
are.i  is  high  and  is  an  impi'i  tant  v v'ns idi'rat  iv'u . 


\ 
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U;  Inl.inJ  Sinitluni  t'.i  1 i 1 ot  ni  a , SvHithi’in  N<-vaiia,  ai>J 
Sovit  tiwt'si  iMi>  Aii^i'na.  I'limati-  I't  hv't,  dis  .•.iimnuMs  aiul  i »■  1 at  i v«‘ 1 v 
mi  K1  wuitii^.  I'li'si-lv  ^('avi'il  im- 1 1 o)U' 1 1 1 an  aif.is  liv’  lU't  i\lst. 

t nml'i'i  In  imc  t'lU  aiul  a);>;n‘>;at  os  ti'i  vi'noi'oto  I'K'vk  * 

alt*  pliiuitnl.  riu'ii'toii’,  in  tliis  aii-a  I'nildin^s  will  liavo  a 

»;t»'ali'i  pi'i  oont  a>to  vM  ooiuii'to  masoniv.  I'oiuiott-  b loo^  st  tno  t lU  os  | 

at  o ooi'l  in  t lio  lon^t  snmmois.  I'lio  oomnii'n  st  lul-anii-st  noov'  oombinaiion  | 

is  also  popnlai,  as.  maintt-nanoo  is  low  in  oompar  i son  to  w\’oJ  wliioh 
r«'viniros  iiiv'io  ti«sinoiu  paint  inp,. 

— Kopion  (.■;  I'lio  vailt  I'oast  aiul  Sv'ntli  .At  lant  iv-  i\'astlino.  I'liis  aioa 
li.is  a lolaiivolv  mild  olimato  witli  liip.h  linmulitv  aiul  is  snl’ioot  to 
violoiu  tik'pioal  stoniis.  I'lav  1 vu  biiok  is  iiwidili  availal'lo  as 
is  looal  I limin' I . biiok  anil  oi'iuioto  Mook  oonst  tint  ion  is  popnlai. 

Wlion  wv'v'd  ttamiiij;  is  nsi'd,  it  is  v.'!ti'n  piotooiod  bv  biiok  ii'iiooi. 

Roi-anso  >'t  t lu‘  llipli  linmiditv  and  ponoiv'ns  vaintall,  oonoioti'  blovk 
is  olton  protootod  bv  oxioi  ii'r  plastiT. 

--Ki'pion  1';  Kastoin  bi'aboaid  and  Inland  tv’  I'ontval  llliiu'is. 

riio  o I imat  V'  is  viviito  v'v'Ul  iv'f  hall  tin-  voav  and  insnlativ’n  pvv’pi'vt  ios 
avo  iiiipv'i  t ant  . Ri  iv'k,  >■  la\  and  U’oal  Uimbi'v  aio  availablo, 
vind  tlu'  labv'r  ava  i l.ib  i I i t v in  all  t lados  is  pi'iiorallv  pv’v'd  . 

--Kopiv'n  K:  droat  1 ak»'s  vWi'stoin'  Statos  and  I'ontial  Sv'iitli. 

.Mtlu'itpli  tboso  avi'as  liavv'  ov'iis  idoi  ab  1 \ ditti'ii-nt  olimatos,  t In- 
avi'iap.o  vv’iist  MU' t i vMi  is  siniilai  vino  tv’  I'v'v'iiv'mivS . 1 iimbi-r  is 

Iv'v-al  and  plontitnl,  a--  is  vlav  tv't  biiok. 

1 

--Ko>;iv'n  V;  I'onti.il  St.itos.  I'hoso  .it  oas  aii'  p.v'vi'inovi  nu'iv'  bv 

oov'iiv'miv  th.in  bv  olim.ito.  .Ml  p.it  t-.  .'t  this  .iioa  v'xpi'i  ionoo 
bo  I v'w- t foo.*  i iii;  wintois  .nivl  hv't,  ii.v'doi  at  o 1\  luimivl  snmmois.  Mv'iv' 
impv'it.int,  hv’w'ovol  , is  tin-  v v'limiv'n.i  1 l t v th.at,  with  tin'  v'xov'pt  iv'ii 

v't  voiv  Iv'v.ili/i'd  spv't  . siuli  .Is  tho  So.it  t li'- V.ivv'm.i  aiv'.i,  n iban  i .'.i  t i v'n  * 

and  indiist  i i.i  1 i oat  iv’ii  .iiv'  iiv't  ov'inn'ni  i ,it  od  ; vv'nsi'vjiu'nt  1 \ , tho 

v'Ov'iU'mv  v't  tho  .'iroa  is  tho  pi  itiu'  taotv'i.  .uui  m.itv'iials  .ind  Ov'n-  I 

stinotiv'ii  Ov'mb  in.it  iv'iis  pivinp  bv'St  insnl.it  i.'ii  ,it  li-.ist  ov'st  aio  i 

dv'inin.int  . 

On-sito  tiolvi  invi'st  ipat  iv'iis  wi'ii-  vv'ndiiv  t I'vi  at  a m.ilv'i  hub  .liipv'Vl- 
Ovirnmnni  t V within  oavh  v’t  tlu'  six  roi',iv'ns.  I'lu'  ,i  1 1 pv'r  t -Ov'mmnn  1 1 i os 
i nvost i pat od  woio: 


— Kop  iv'ii 

l.v's  .Aiipv'li's.  I'.i  1 i t v'l  n ia 

— Ki'piv'ii 

R: 

rhv'i'iiix,  .Vi  i.'v'na. 

— Kop  i v'ti 

i’ : 

Mi.imi,  riorid.i. 

— Ki'pi  v'n 

b: 

Rv'.stv'ii,  M.iss.iohnsv't  ts. 

— Kop  i v'n 

1 : 

.\tlant.i,  dv'v'ipi.i. 

— Kop  i v'n 

1 : 

Ih'tivoi  , I'v' Iv't  aiiv'. 
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Geographical  Areas  of  Differing  Construction  Practices 


f 


\ 

within  tlu'  nolsf  Imj'rtOioil  aroa  snrrouiullnn  i-ach  airport,  ton  l)ui  Klines 
isohools  and/or  liospltals)  woro  soloctod  for  dotal  li'd  study.  Solootion 
of  huildinRs  was  hasod  on  a cross-soct ion  of  InilldinR  typos  in  concori 
with  tho  followluR  crltorlei. 

— lUilldlnR  doslRH  and  construction. 

— <\RO. 

— Si  JU' . 

— Proximity  t''  airport. 

— l•■.x^>osurl'  1 1>  ni'lso  onv  I ronmi-nt  . 

Pata  woro  obtained  on  building  construction,  si^o,  use,  occupancy 
anvl  otltor  portlnonl  aspects  from  visual  Inspection  and  illroct  moasuroimuit  , 
or  bv  examination  of  detail  bulldlnp,  plans  when  available.  Wiuk  siioots 
woro  used  to  record  tlu'so  data  and  tlio  actual  data  obtained  woro  usoil  in 
the  analysis  and  costing  portion  of  tho  study. 

All  invest  iRal  ion  was  made  I'f  local  building  locations  and  conditions 
iucludliiR  available  plans  and  tipoc  i t Icat  ions,  based  on  tlio  same  crltc'iia 
and  rotiulrod  Intormatlon  as  ti>at  of  on-slto  invest  Ijjat  ions,  at  all  other 
larRc  and  medium  ln»b  alrport-coiraminit ios  across  tlu'  nation.  Pata  were 
obtained  bv  direct  contact  with  local  authorities.  This  process  was 
successtully  completed  bv  telephone  aiul/or  the  malls. 

I'ortv  random  samples  of  small  general  aviation  a I rpor  t -commun  i t les 
support  InR  let  operat liut  were  also  taken,  ihi  a rcRlonal  basis  these 
airports  were  grouped  uiuU'f  the  I'AA  National  System  of  Airport  lllassili- 
I'ai  ion  i l‘>72  National  Airport  System  Plan).  I'sIur  alternative  str.itum 
procedufi'S,  tlu-  data  i>btaliu‘d  wiM'e  projected  1 1'  estimate  the  Impact  at 
the  I'emainlnR  small  alipi'its  within  i-ai-h  roRiv'n. 

The  data  I'bt.alued  t hri'URh  llu'se  proceduit'S  provided  nationwide 
statistics  ci’mpilt'd  t rom  regional  data  which  iui'ludes  numbers  ol  buildings 
and  occup.tnls,  location,  size,  const  rue  t ion , materi.als,  ajte , and  other 
p«'rtlnent  tai'ti’is  necessary  to  analyze  and  assi'ss  the  effects  .tnd  need  for 
soundproof Ihr. 

NtllSM  Ml'.ASlIRKMKNl'S 

Kxterii'r  and  interior  iu>tse  li'vels  wt're  nu'asured  during  aircraft 
t tvovers  at  selected  locations  witIUn  tltree  p.i'eRraphlcal  regions.  Tlu' 
i)blecrives  iil  tlu'se  llelii  mi-asurement  s were  to: 

— Proviiie  liiiect  has*'  data  on  tlie  attenuation  properties 
ot  building  types  sublect  to  t lu>  study. 

— Pii'vldt'  nu-asun'd  noisi'  ievt'ls  tor  comp.irison  anti  vali- 
dation ot  a predii'tion  im't  liodi' Iorv  ustsi  in  determlniuR 
bnildiiiR  noise  reiiiu'tion  i-.ipab  i I i t i es  . 


•I 
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with  the  assistance  of  local  authorities,  buildings  were  selected 
within  the  noise  impacted  area  of  a large  hub  airport  in  each  of  three 
geographical  regions.  Kegions  were  selected  to  reflect  the  diversifi- 
cation in  climate,  construction  patterns  and  local  conditions  throughout 
the  country.  The  regional  areas  and  airport-cities  selected,  were; 

— Region  A:  Los  Angeles,  California. 

— Region  U:  Boston,  Massachusetts. 

— Region  F:  Denver,  Colorado. 

Ten  buildings  within  each  area  were  considered  for  noise  measurements. 
Minor  deviations  resulting  from  adverse  weather,  local  flight  patterns 
and  certain  other  uncontrollable  on-site  conditions  slightly  altered  these 
measurements  at  selected  sites.  However,  the  measurements  taken  were 
sufficient  in  number  and  accuracy  to  satisty  study  requirements. 

INSTRUMENTATION 

The  Instrumentation  system  used  in  taking  the  measurements  consisted 
of  a two-channel  iwagnetic  tape  recorder  equipped  with  two  condenser 
microphones.  A precision  soujtd  level  meter  was  used  for  direct  reading 
of  sound  levels,  and  also  as  an  amplifier  in  one  microphone  channel. 

The  frequency  response  of  each  channel  of  the  assembled  system  was 
tested.  The  system  response  was  found  to  be  t lat  to  within  +1  dB  over 
a frequency  range  of  100  to  8000  Hertz  (Hz).  In  the  field,  1000  Hz 
calibration  tones  were  recorded  before  each  set  of  measvu'cment s . 

Standard  practices  and  procedures,  including  calibration,  were  used  In 
taking  of  all  measurements. 

MFASURENENT  DATA 

Table  1 shows  the  noise  measurement  data  taken  in  the  Los  Angeles 
area.  Similar  measurements  were  taken  of  buildings  In  the  Boston  and 
Denver  area.  Tlu*  values  shown  represent  the  simultaneously  measured 
exterior  and  interior  noise  levels  and  tlie  dltferences  between  tl>e  twi', 
which  is  the  existing  bn  I Id  lug/ room  noise  reduction  (NR)  capability. 

All  values  are  maximum  A-welghted  sound  levels  expressed  in  decibels. 

Except  as  noted,  each  value  shown  Is  the  arithmetic  average  of  measvtremeul s 
from  twelve  noise  events.  The  deviations  of  the  exterior  and  Interior 
levels  are  due  primarily  to  variation  of  levels  among  Individual  aircrali. 
The  deviations  of  the  resultant  noise  reductions  are  due  to  variations 
associated  with  dllferent  aircraft  spectra,  together  with  specllli'  room 
characteristics.  These  variations  are  normally  expected,  and  are  the 
reason  noise  reduction  Is  taken  as  the  average  of  a number  I'l  events  and 
a number  of  interior  positions. 


T.il)le  1 


Measured  Levels  and  Noise  Reduction  LAX 


Exterior  Interior  Avg.  NR 


Building 

Room 

Max. 

(dh) 

Std. 

Dev. 

(dh) 

Max. 

(dh) 

Std. 

Dev. 

(dh) 

(dl)) 

Std. 

Dev. 

(dh) 

Imiierial  School 

2 

85.7 

4.1 

56.8 

28.9 

1.8 

11 

85.0 

5.2 

57.5 

in 

27.5 

2.6 

6 

82.6 

5.1 

50.8 

Kil 

31.8 

2.5 

Lennox  H.S. 

4 Bldg  3 

71.3 

3.3 

50.9 

4.2 

20.4 

2.3 

3 Bldg  6 

75.6 

5.6 

53.7 

5.7 

21.9 

2.0 

3 Bldg  4 

71.3 

3.7 

57.9 

3.3 

13.4 

1.5 

Felton  Ave. 

9 

89.1 

5.0 

70.8 

5.6 

18.3 

2.4 

School 

5 

83.8 

6.5 

65.7 

8.7 

18.1 

2.7 

11 

86.1 

6.0 

66.9 

7.3 

19.2 

2.4 

Clyde  Woodworth 

4 

78.4 

5.1 

57.0 

4.1 

21.4 

1.5 

School 

1 

Morningside  H.S. 

J2 

86.0 

3.4 

63.2 

3.9 

22.8 

1.1 

V2 

76.0 

8.4 

54.5 

6.3 

21.5 

3.5 

Centinella 

5114 

68.3 

3.5 

40.8" 

1.9 

30.0" 

1.7 

Hos()ital 

8128 

68.9 

3.2 

42.6"' 

1.5 

29.9"' 

1.0 

Westchester  H.S. 

F9 

67.2 

5.4 

51.3 

4.9 

16.0 

1.3 

Imperial  Hospital 

227 

69.4 

2.3 

46.0 

2.0 

23.3 

2.3 

224 

69.2 

2.3 

47.4 

1.9 

21.3 

2.7 

" Counting  only  5 interior  measurements  above  liackground. 
"'Counting  only  4 interior  measurements  above  background. 
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I'Kj^incTia)  Noist 

Suitable  mot  itailo  U>n  ies  exist  tor  preilictlug  the  noise  reiluetion 
(U'l'pert  ies  ot  a bu  I K1  iiig/ ri>om  based  on  the  design,  imiterlals  used,  and 
struetural  elements  of  the  building.  The  methodology  used  In  tills 
study  Is  the  llxterlor  Wall  Rating  (KWK).  The  KWR  Is  a single  number 
rating  resulting  from  the  sumiiuition  of  transmission  losses  iissoilated 
with  the  individual  construction  elements  (l.e.,  roof,  i-eilings,  walls, 
doors,  vents,  window  glazing,  etc.)  ol  the  building.  By  coupling  the 
KWK  with  the  .ibsorpt  Ion  properties  of  the  room  a imlse  redact  imi  valui- 
w.is  computed. 

Ml'ASl'KKl)  VS^mTflCTRD  NOlSi;  kkdpct U)N 

lislng  the  prediction  methodology  described  above,  niiise  reductions 
were  calculated  for  each  of  those  buildings  where  noise  measurements  were 
t.ikcn  in  the  l.os  Angeles,  Denver  and  Boston  areas.  '1'hi‘se  i-alculated  va  1 lu-s 
for  the  Los  Angeles  buildings  are  shown  in  T.ible  2.  A comparison  of  the 
predicted  .ind  measured  noise  reduction  for  buildings  in  l.os  Angeles  is 
shown  in  Table  3.  A summary  of  the  statistical  analysis  of  the  differ- 
ences between  predicted  and  measured  noise  reduction  in  all  areas  of 
measurement  (Los  Angeles,  Denver  and  Bosti'n)  is  provided  in  Table  A. 

While  there  are  inc rcnnenta i differences  between  measured  and 
\’redlcted  noise  reciuctlon  values,  the  90  percent  confidciirt'  limits, 

.tbout  the  mean  (T.ible  4),  indicate  a m.iximum  dlfferi'iice  of  +1.45  dB. 
tamsldering  Inherent  fii'ld  measurement  inaccuracies  of  typically  +l-2dB 
together  with  prediction  methodology  limitations,  the  variances  between 
measured  and  prc'dlcted  values  fall  within  an  acceptable  range  of  to  ler.inci'. 
Thus,  the  noise  reduction  measurements  takiui  support  the  prediction 
methodology  used  for  projecting  national  d.ita. 
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Calculated  Noise  Reductions  LAX 
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vvir 


Ttihitj  7 
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5 
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by  one  square  foot  of  a perfect  absorber. 


ClUl’TKR  3 


>i/u:Nrn'i)E  and  dktkrmi nation  ok  noisk  impact 


KXTKRIOR  NOISE  LEVELS 


A building;' K exterior  noise  impact  varies  as  a function  of  aircraft 
noise  source  level  and  operational  flight  path,  noise  metric  used  and 
the  building  location  in  reference  to  the  noise  source.  The  following 
conditions  and  assumptions  were  considered  in  estimating  tiie  exterior 
noise  levels  of  buildings  within  the  study. 

— Maximum  single  event  A-weighted  sound  level. 

— Fleet  median  aircraft  type. 

— Takeoft  tltrust  , uniform  departure  paths. 

— Incremental  sound  level  contours 

— Building  location  with  respect  to  noise  source. 

While  simplistic'  in  noise  exposure  concepts,  use  of  the  average 
maximum  single  event  sound  level  w.is  considered  more  manageable  and 
appropriate  to  the  objectives  and  constraints  of  the  study.  Also,  if 
desired,  inc remen.ta I noise  reductions  can  be  used  in  developing  an 
eciulvalent  cumulative  metric  resulting  from  building  modifications 
relative  to  single  event  analysis. 

Analysis  of  the  different  commercial  jet  airc;raft  types  and  their 
performance  chai ac t er  i st  Ics  indicated  that  an  average,  or  fleet  median 
aircraft  type  ttoise  source  could  be  used  fc>r  determining  exterior 
noise  Impacts.  The'  fleet  mediait  type  used,  from  Figure  2,  is  a two- 

engine  narrow  body  Jet  aircraft  (e.g.,  l)C-9  or  B737).  This  source  noise  i 

is  also  applicable  to  a small  business  Jet  when  a slight  adjustment  c>f 
approximately  -4  dB  is  made. 

The  noise  source  level  ot  the  fleet  median  aircraft  is  based  on 
maximum  allowable  takeoff  thrust  for  a standard  sen  level  day.  The  ' 

takeoif  greiss  weight  is  that  for  a medium-range  stage  lengtlt  (approximately 
BOO  n.m.).  The  departure  flight  tracks  are  assumed  to  be  straight  out  , 

on  the  departure  runway  heading.  A uniform  climbout  prc>file  is  assumed. 

Based  on  these  conditions,  contours  covering  impacts  from  110  to 
b5  dB  were  developed  in  increments  of  5 dB. 

The  contours  developed  were  overlayed  on  I'.S.  Oeological  Survey 
maps  with  building  sites  located.  Tlie  n»iise  impact  level  was  read 
directly,  or  by  interpolation,  for  each  site. 
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Departure  Noise  Levels  for  Commercial  Jet  Aircraft 
ITal'eoff  Thrust) 


INrKKU'K  NOISK  l.K\  KL.s 


I'fu'  noist'  It'vi'l  insiiii'  .»  room  is  o tuiu'tiou  ol  ostorioi  n«.'isi' 
imp. lots,  Int  i Kl  i lip.  .it  l oiui.i  t i on  .iiul  .il'sorpt  ion  propor  t i os  , .nul  intiMii.il 
ambii'iit  K-vi'ls  I't  lu'iso  poiu'r.it  oil  hv  ooonp.inoy  iiso  ot  tho  room.  I'ssont  la  I ly , 
intorior  noiso  U-vols  .ii'i‘  a bal.inoo  botsoi'ii  noisi>  souroos  .iiiil  lossos. 
riiis  stiiiiv  liiil  lu't  oonsiiior  intorn.il  noisi-  pi-noratoii  I'v  normal  oooupanov 
.iiul  nso,  Init  snoli  won  K1  I'l'  .i  oi'iis  i ilo r.i t i I'li  on  a oasi'-bv-o.iso  I'va  1 ii.i t 1 on  . 

B.isoil  on  oxtorn.il  noisi'  imp.iot  only,  tin-  intorior  lovols  iK'torminoii  tor 
till'  stuily  loi'omi'  .i  tunotii'n  ot  tho  tioisi'  t r.iiismiss  ion  tlironpli  tho 
I'll  i 111  inp ' s strnotnro  .mil  tho  .ihsorpiion  proport  ios  ot  tho  room.  Simplv 
st.itoil,  intorior  noiso  lovols  oipuil  oxtorior  lU'iso  imp.iot  minus  tho 
hnililinp's  noiso  roiliution  o.ip.ihilitv  i t i .insm  i ss  i on  lossos  thii'ii.ph  -w.i  1 I s 
.I'll!  .ihsorpi  ion  ot  intorior  sm  taoos'i. 

Mo.isnri'ii  noiso  roilnotlon,  oxtorior  minus  intorior  lovols,  in 
units  ot  ilooibols,  w.is  liotormiiu'il  ti'r  o.ioh  ot  tho  t'O  stiuiv  hu  i lii  inp,"’. 
invost  ip.itoil  in  tho  I'li-sito  tii'lil  .inalvsis  portion  ol  tho  work.  Tsinp 
tho  i nt  ,'rm.it  ion  p.itlu'roil  .is  to  hiiiliiinp  ilosipn,  oonst  mot  ion,  si/.o, 
voniiltion,  oti.,  t r.insm  tss  i on  lossos  Wi-ro  o,i  Ion  latoil , .issnmiiip  .ill 
wiiiilows  .inj  iloors  olosoil,  thronph  .ipplioation  ot  tho  I'xti'rior  W.ill 
K. It  inp  nii'thv'ilolopv  , provionsly  ii'l  oronooil . I'ho  intor..'r  .ihsorpt  ion 
propi'i’t  ios  ot  till'  rooms  wi-ro  ilotorminoil  thrv'viph  mo.isnromont  .iiiil  o.i  1 on  la  t i on . 
Whilo  intoiior  .ihsv'ipt  ion  v.iluos  iliil  v.iiv  amonp  Ini  i Ul  i nps  , tin-  il  i t t oronoos 
woro  not  oons  iJoroil  sipnitioint  in  ilo  1 1' rm  i n i up  noiso  roduot  ion  lovols. 

I’onst  .’lilt  inti'rii'f  .ihsorpt  ion  v.iliios  woro  nsoil  ti'r  both  olassri'oms  anil 
hospit.il  roi'His. 

An.ilvsis  ol  tho  ir.ii  iv  iilu.t  1 Iv  lU't  ormi  not!  noiso  roihiotion  v. linos  iiulio.ito, 
i iiilopoiuli'iit  ot  ropi.'ii.il  il  i I I oroiiv'os , that  .in  ivorapo  ot  J1  ilb  noiso 
ii'ilnotion  w.is  .ipp  I i .'.ib  1 o to  '>()  porooni  ot  .ill  sohi'ols.  fho  .ivor.ipo  ti'r 
tho  roin.iintnp  U)  porv'ont  w.is  ilb.  loss  il.it.i  woro  av.ail.iblo  lor  hospit.ils. 
llowovor,  th*'  n.itional  .ivor.ipo  in  noi.so  roihiotion  tor  hospit.ils  w.is 
ostimatoil  to  bo  J.l  ilb.  I'hosi-  .ivor.ipos,  proport  lonoil  tor  sohools,  woro 
iisoil  in  ilotormininp  intorior  noiso  lovi-l;;  on  .i  ri',pion,'i  1 .iml  national 
b.is  is . 

N.VnON.AL  INI'KKIOK  NOl.bli  ll'Vyi.S 

I'ht'  intorior  m.iximnm  .A-wo  i pht  I'll  soiii'.il  lovols  ot  tho  sohools, 
hospit.ils  .iiiil  pnbllo  hoalth  laollitios  iilontitioil  in  tb.o  stvulv,  ilno  to 
.liroratt  noiso,  .iro  listoil  in  tho  lollowinp  tablo.  Thosi'  n.ilion.il 
valnos  .iro  .a  snmm.ii  v ot  rt'pii'ii.il  il.it.i  whioh  woro  ostablishoil  .is  a rosnlt 
ot  tho  oa  Ion  Lit  I'll  il  i t I oii'iioos  botwoi'ii  pii'iliotoil  I'xti'iior  lovi'ls  ihu'  to 
.liror.itt  noiso  .uul  tho  noisi'  roilnoiion  ol  tho  bnlLliiip  tvpos. 
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RKllAUmrAIlON 


As  iisoil  ill  tills  stiuiv,  i I'li.il' i I i t .It  ion  (.v'vits  tlu'  .isi’ov'ts  ot  mv'ili- 
lvln.kt  oNisliiiy,  I'll  I Ui  iiigs-iv'ouis  tor  soiiiutpi  oot  iiij.',  puri'v'sos  . Vlu'  losults 
t'i\'vii.U'  iiuTiMsovi  iiolso  Visliu' t ion  v.iUn's  .iiul  K'woi  liitorii'i  noisi’  lovols. 

Soiiiuiprov'l  iii^  I'll  i Ut  iii>;s  ooiisists  ot  o I ini  iii.it  iii^  ot  rovliuiiig  t lu- 
oxti'iioi  to  inti'iior  t iMiisiii  iss  ion  ol  sv’iukI  .iikI  impiov  iiip,  tin'  .ibsoi'i't  ion 
pi'opt'i  t io.s  I'l  t ho  ri'om's  inti'iior.  WliiU'  iniprov  in>;  intorior  room  .ihsoi  p- 
t ii'ii  lont  r i i'll  t os  to  lowoiinp,  Intoiii'i  lovt'ls,  t ho  not  I'tti'v't  is  siii.i  1 I 
in  oonip.ir  ison  to  lmprov«'iiiont  s .it  t.iin.ihU'  tlui'n^h  iiuro.isinp.  t r.uisiii  i ss  iv'ii 
K'ssos  ot  w.i  11  s .Hill  o«'ilin>;s.  .Mthoiijth  .ihsorpt  iv'ii  proi'oi  t ii's  .un-  iiu  huloil 
in  ost.ihl  Ishiiip  iiu’ i I'lin-nt  .i  1 impi  ovoiiu'iit  s in  iioiso  ro^tiu' t ion  , m.i  loi 
I'liiph.isis  is  >tiv«'n  to  tlu'Sv'  movi  i t i o.i  t ions  .it  t »'>.•  t inp  t raiisniiss  ion  p.iths 
.iiul  K'ssi's. 

lU’  I III  I Ni:  Mini  IK  I I'A 

Sv'nnvlpr''\'t  inp  .in  I'xistinp  hniUlinp  oonslsts  ot  iili'iit  i I v i up  t ho 
olomonts  whiv'h  proviiU'  t r.iiism  i ss  ion  p.iths  into  tho  hii  i Ui  inp  , t lion 
.ipplvinp  .ippiv'pr  iat  o iiu'vH  t io.i  t ions . I'p  to  .i  oort.iin  point,  iiioJ  i t ii.it  ions 
I'.in  t'o.niilv  ho  iiU'iit  i I ii'il  t roiii  i-i'inp.ir.it  ivo  t r.in.sinission  loss.  I'or  ox.impli', 
it  .in  niiso.iloil  ho  1 I I'w-ooro  vK'or  is  tho  oiilv  t r.insmiss  iv'ii  p.itli,  .'i  10  ilh 
Impiv'vonu'nt  o.in  bo  obt.iiiioO  hv  ii'plaoinp  it  with  .i  woa  t hors  t r i ppoO 
sv'l  ivl-ooro  ilov'r . 

Sliphtlv  inoro  sophist  io.itoil  luoJ  i t ioat  ions  inohulo  .uhliiip 
iiisnl.it  ion  aiul  or  lavors  ot  p.iiu'l  inp  to  i'xistinp  w.ills. 

Soiniilprool  Inp  Is  vorv  iiiiirh  .i  lo.ik--st'.i  I inp  provi'.ss.  I'lu'  laip.ost 
"soinul  loaiis"  .iro  .ittoiuloil  to  tirst,  within  tho  oontoxt  ot  tho  p.ii  t ivii 
l.ir  biilUlinp.  As  .'in  ox.implo  ol  soniiilprooi  inp  ot  t oo  t Ivonoss , a 10  ilH 
itiipri'V’i'iiion  t in  tho  hn  i 1 0 inp ' .s  in'isi'  roilnotii'ii  oap.ih  i I i t v n'r  ri'spi'iul.s 
to  an  ottootlvo  h.ilvliip  I't  tho  porooivoil  Iv'iiiliioss  ot  noiso. 

In  viow  ol  tho  .ibovo  oons iilora t ions  aiiit  tho  noiso  roOiu  tioii  pi  o- 
illi'tii'ii  niotlioilolopv,  lnorowont.il  iiiiprovoiiioiu s in  noiso  roOiio t iv'ii  wi'io 
V- .lion  1.1  toil  tor  to.isiblo  iloproos  ot  soniuli'root  inp  woili  t loat  ions. 


Modifications  considered  include: 


— Replace  existing  windows  with  sealed  double  glazing  with  Els'R  =»  40. 
This  is  accomplished  with  acoustic,  window  designs  having  a 
sound  transmission  class  rating  of  40.  An  alternative  is  to 
inst.all  a second  layer  of  glass  with  at  least  a 2"  air  spai'e,  and 
absorptive  material  around  the  building.  Both  layers  of  glass 
must  be  at  least  i/16"  thick  iind  well  .sealed. 

— Upgrading  doors  and  seals.  In  some  cases  "acoustic  seals" 
specifically  designed  for  noise  insulation  are  required. 

Examples  are  neoprene  seals  which  are  tightly  compressed  by 
the  door  and  mechanical  drop  seals  at  the  bottom.  I'hese  seals 
provide  a higher  degree  of  airtight  closure  than  does  ordinary 
weatherstripping . 

— Acoustic  baffling  of  vents.  These  are  custom-designed  baffles 
which  provide  an  absorptive  sound  strip  without  restricting  air 
flow.  These  can  be  required  for  ventilated  attic  spaces  and 
through-the-wa  1 1 unit  vent  i lator  .s . 

— Adding  insulation  to  walls  and  attic  spaces. 

— .Adding  another  layer  of  material,  in  effect  creating  a two-panel 
wall  where  the  original  wall  is  considered  to  be  the  t irst  panel. 
The  new  gypsumboiird  or  plaster  is  mounted  on  studs,  furring 
strips,  or  a layer  of  fiberboard.  Using  f iberboard  improves 
the  transmission  loss  of  a frame  or  block  wall  by  at  least  10  dll, 
and  requires  less  space  than  studs  or  furring  strips. 

— Eliminating  windows  and  filling  the  space  to  match  the  exterior 
wails. 

I’he  mod  i f i cat  ions  considered  feasible  and  practicable  were  calcu- 
lated for  the  60  study  buildings,  producing  incremental  improvements  in 
noise  reduction.  In  analyziitg  the  results  of  these  cal cu lat ions , it 
was  found  that  certain  modifications  could  be  grouped  into  categories 
whicli  provide  the  s;uiie  order  of  improvement  in  noise  reduction.  Modifi- 
c.at  ions  were  classified  in  two  categories'. 

— Category  A modifications  include  replacing  existing  windows  with 
sealed  double  glazing,  providing  mechanical  ventilation  as  needed, 
installing  weatherstripping,  replacing  doors,  insulating  walls, 
ceilings,  aiui  attics. 

These  modifications  when  applied  individually  or  in  combination, 
provide  an  improved  incremental  noise  reduction  of  approximately  10  dB. 


— .*'  nit'll  i I ii. It  Ions  incliulo  i-l  Im  inn!  Inj;  wlntlows  nnd  tilling’, 

spaco  wllli  t>xlstln^;  wall  ma  t or  la  1 s , ailillnp,  Inloi  lor  walls  aiul  lolliiip, 
tilt's,  installing  aronst  io  tloiibli'  titiors,  bniUlint;  ontranoo  vfsl  ilnilos , 
Instaliinn  aionst  if  attic  balllos,  and  Installing  nicfban  1 la  1 ventilation. 

'riu'St'  lilt'd  i I ica  t ions  .ippliod  in  tlio  Siimo  context  as  tlit'se  Itir  (Category 
A,  I'fovide  an  improved  inerementa  1 noise  reduction  ol  ai'prox  ima  te  I y 20  dB. 
Category  B nu'tl  i I ie.it  ions  are  the  pr.ie  t leab  1 e limits  ol  applied  sonmli'rot'l  ing 
within  the  stiuly. 

The  list'  anti  application  ol  the  categt'rv  concept  is  to  provitle 
compar.ible  noise  rediict  it'll  values  for  estimating  purposes.  The  mt'diri- 
cat  it'iis  list'd  untler  e.-icli  category  v.iry  as  a lunction  of  the  existing 
reglt'iial  building  and  a given  level  ol  nt'lse  reduction.  in  practice  a 
tlillereiit  extent  t'l  st'uiulprt't'l  ing  ct'uiti  easily  be  determined  and  applied 
tlepeiitling  t'li  tlu'  it'c.'illy  tieti'rmlned  neetls. 

The  application  ol  either  tlntegt'ry  A t'r  B mt'd  i f icat  it'iis  provides, 
in  atlditlon  tt'  t|U.'Uit  i f iab  I y improved  nt'lse  reductlt'ii  values,  a basis 
I t'r  t'stimating  rt'present.it  i ve  ct'sts  of  specific  levels  ol  soundprot'f  ing. 

;niRjcsiioi,o  NO  1 SK  i,i:vi:i.s 

i'he  noist'  impact  within  buildings,  tlue  Li'  aircraft  t'peratlt'iis, 
covers  an  extensive  range  of  levels.  In  prt'viding  quant  i 1 l;ible  findings, 
upper  anti  lower  levels  of  noise  Impact  are  retpilred.  The  upper  It'vels, 
tl  Ist-nsseti  in  Chapter  3,  .'ire  tllrectly  related  to  aircraft  lU'ise  source 
Impact.  Defining  the  It'Wei  levels  retiulred  research  aiul  analysis. 

The  lower  levels,  by  tlef  in  1 1 ion,  are  threslit'ltl  levels  t'f  liUt'rlt'r 
noise.  Twt'  threshold  levi'ls  were  determined  and  used,  one  for  scht't'ls, 
anti  .'iiU'ther  ft'r  hospitals  anti  public  health  facilities.  These  A-welghtetl 
st'uiitl  levels  .ire: 

— Sc  ht't'l  s A b _tl BA 

— lli'spitals  anti  Public  Health  Kaclllties  40  dBA 

Tlu'se  thrt'shi'lil  levels  are  nt't , nor  sht'uld  they  be  taken  to  be, 
jieoust  if  criteria,  spt'c  1 f icat  ions  or  staiulards  regartling  building 
st'und  prt't' f ing  requirements.  They  are  simply  the  It'wer  limits  t'l  Interior 
nt'ise  levi'ls  utilizetl  in  the  study's  analysis,  costing  .iiul  lliulings. 

DKVF.l.OPMKNT 

Threslit'ltl  levels  were  developed  under  the  ratitmali'  .ind  within  thi' 
t'l'lectlvt'  of  avoiding  Interference  with  nt' Ise-sens  1 1 ive  .ict  fvit  ies. 
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The  adverse  effects  of  noise  exposure  on  people  can  be  grouped 
into  three  general  categories:  degradation  of  health,  attitudinal 
reactions,  and  activity  interference.  In  general,  the  noise  levels 
defining  the  threshold  of  interference  with  certain  noise-sensitive 
activities  (i.e.,  sleep  and  speech)  are  lower  than  those  associated 
with  the  other  two  categories  of  adverse  effects.  For  this  reason, 
activity  interference  is  the  criterion  used  in  establishing  threshold 
noise  levels  for  each  type  of  public  building  considered. 

Although  a variety  of  activities  exists  within  any  building, 
activities  can  be  Identified  for  each  building  type  on  the  basis  of 
primary  activity  requirements  and  susceptibility  to  noise  intrusion. 

The  building  types  considered  were  schools,  hospitals,  and  public  health 
facilities.  For  schools,  the  primary  consideration  for  Interior  noise 
is  speech  communication.  For  hospitals,  the  primary  activity  of  impor- 
tance in  regard  to  the  noise  environment  is  sleep.  Witli  the  functional 
similarities  between  hospitals  and  public  health  facilities,  it  Is 
assumed  that  the  primary  activity  for  public  health  facilities  is  also 
sleep.  Based  on  the  considerations  described  above,  a literature  review 
determined  the  noise  levels  below  which  interference  with  the  activities 
of  speech  and  sleep  should  not  occur. 

SPEECH  INTERFERENCE 


The  aircraft  noise  transmitted  to  the  interior  of  buildings  is 
considered  a background  noise  capable  of  interfering  with  speech 
communication.  Such  interference  is  a function  of  several  factors: 

— Noise  level  and  spectral  content  of  the  background  noise 
at  the  listener's  ear. 

— Spectral  characteristics  and  voice  effort  of  the  speaker. 

— Propagation  of  the  speaker's  voice  to  the  listener (s).  For 
typical  indoor  communication,  conducted  without  the  aid  of  any 
amplification,  this  propagation  depends  upon  the  separation 
distance  between  the  speaker  and  listener(s)  and  the  acoustics 
of  the  room. 

For  speech  communication  in  a classroom  situation,  at  least  two 
additional  factors  are  also  pertinent: 

— A noise  environment  which  is  conducive  to  learning  is 

required.  (For  example,  repeated  short-term  disruptions  of 
speech  communication  can  degrade  the  efficient  flow  of  verbal 
instruction  and  lessons.) 

— Children  are  not  as  familiar  as  adults  with  language  and, 
therefore,  according  to  existing  research,  should  have  lower 
background  noise  levels  to  achieve  the  same  degree  of  speech 
comprehension  as  adults. 
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I'ons  idol' inn  llioso  laclors,  Llie  tol  lowing  proceduro  idontlfles  the 
t lu'ostio  Id  lovol  ol  spooch  ODimniinioation  in  soliool  buildings. 

— RoprosontaLi VO  alroraft  background  noise  levels  wore  predicted 
tor  locations  inside  a school  classroom.  Those  levels  wore 
based  on  extensive  data  on  outdoor  aircraft  noise  spi.-ctra  and 
outdoor/ indoor  noise  reduction  values  of  buildings. 

— Pat  a published  on  the  level  and  spectrum  of  a fenuile  voice 

exhibiting  a ralseil  vocal  effort  were  used  to  estimate  the  speech 
level  at  a conservative  distance  ol  ‘)m  (29.5  ft)  from  the  speaker. 
(Based  on  the  acoustic  reverberation  measurements  conducted  In 
school  classrooms  for  the  study,  this  separation  was  more  than 
sufficient  to  place  llie  llstene"  in  the  reverberant  sound  field 
o f the  s peak e r ' s voice.) 

— A standard  metiuid  for  predicting  speech  communication  efficiency, 
based  on  use  of  the  Articulation  index  (.M),  was  employed  to 
predict  the  amount  ol  speech  interterence  for  various  levels  of 
aircraft  noise  Inside  the  hypothetical  classroom. 

The  results  of  this  analysis  ari-  summarized  in  Tigure  T.  This 
illustrates  how  the  A1  increases  as  the  background  noise  level  decreases. 

From  this  more  abstract  measure  of  speech  conunun icat ion  efficiency, 
it  is  possible  to  predict  the  intelligibility  of  complete  sentences  as  a 
more  direct  measvire  of  communication  et  feet  iveness.  Ti'r  an  A1  of  0.98, 

100  percent  intelligibility  of  f 1 rst -presented  sentences  and  98.6  percent 
correct  identification  from  a list  of  1,000  phonetically  balanced  worils 
iire  obtained  for  adults. 

As  indlc.'ited  In  Figure  J,  an  A1  of  0.98  Is  obtained  when  the  back- 
ground A-welghted  sound  level  Is  45  dU  in  the  classroom  situation  considered 
in  this  analysis.  Further  reduction  of  the  background  noise  level  wmihl 
produce  no  substantial  Increasi'  in  Al  or  in  sentence  intelligibility. 
Therefore,  a level  of  45  dU,  due  to  intrusion  of  aircraft  noise  inside 
school  buildings,  was  selected  as  the  threshold  level  for  onset  of 
speech  Interference  effects  in  such  buildings. 

Because  sleep  may  be  crucial  to  patient  recovery,  and  is  a critical 
activity  for  patients  In  hospitals.  Interference  with  sleep  is  the 
criterion  used  in  the  consideration  of  the  noise  environment  of  hospitals. 
Unlike  communication  interference,  the  effects  of  noise  on  sleep  are 
not  well  understood.  Kxper imiMita  1 research  has  been  i-iMicentrated  on 
associating  sleep  interference  with  given  noise  environments  for 
either  the  awakening  of  a subject  due  to  a particular  noise  presentation 
or  a change  in  sleep  stage  as  determined  by  physiological  Indicators. 
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No  clear  evidence  was  found  to  establish  any  one  tyi)e  of  noise 
metric  as  preferred  for  evaluating  sleep  interference  effects.  Kfforts 
to  collapse  the  w variety  of  experimental  data  In  terms  of  energy- 
average  values  of  tne  various  types  of  noise  evaluated  have  only  been 
partly  successful.  One  Investigator  has.  In  fact,  been  able  to  estimate 
the  approximate  change  in  sleep  interference  responses  simply  in  terms 
of  A-weighted  sound  levels. 

These  estimates,  shown  in  Tigure  4,  indicate  the  approximate  number 
of  people  who  would; 

(1)  have  their  sleej'  state  changed,  or 

(2)  be  actually  awakened  as  a function  of  the  sound  level  of 
exposure . 

Tl>e  lines  in  the  figure  represent  only  the  estimated  mean  trend  in 
sleep  interference  data  with  results  of  individual  investigations 
scattered  as  much  as  +9  dli  about  the  mean  trend  lines  illustrated. 

Based  on  the  intercept  of  the  "awakened"  trend  line  in  I'igure  4 
with  the  zero  response  axis,  an  A-weiglited  sound  level  of  40  dB  was 
selected  for  the  threshold  level  of  noise  for  patients  in  hospitals  and 
other  public  health  facilities.  The  potential  scatter  of  experimental 
data,  obtained  primarily  under  laboratory-like  conditions,  about  these 
trend  lines,  makes  it  difficult  to  evaluate  reliably  the  sensitivity  of 
this  tlireshold  limit  for  sleep  interference  to  changes  in  the  limiting 
level.  Increasing  the  noise  exposure  above  the  threshold  limit  level  of 
40  dB  would  cause  the  expected  number  of  people  awakened  to  increase  by 
approximately  1 percent  per  dB,  and  the  number  of  people  whose  sleep 
state  was  changed  to  increase  by  about  1.3  percent  per  dB. 

SUMMARY 


Interior  levels  for  defining  the  threshold  for  effects  on  people 
were  established  for  schools,  hospitals  and  public  liealth  facilities. 
Noise  exposure  to  levels  below  these  are  not  expected  to  produce  any 
interference  effectr  on  people. 
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ClLAl’TER  5 


COSTS 


Nationwide,  the  estimated  cost  of  rehabl 1 1 ta t in>;  aviation  noise 
Impacted  schools,  hospitals  and  public  health  facilities  to  a feasible 
and  practicable  level  of  soundproofing  modification  would  be  approxi- 
mately $204,000,000  spread  over  a period  of  years.  This  value  is  based 
on  1977  dollars,  excluding  factors  or  provisions  for  cost  escalation. 
The  total  amount  Is  the  sura  of  regional  costs,  developed  from  assumed 
modlf icatloi\s  applied  to  60  study  buildings. 

COST  DKVELOTMENT 


Values  developed  are  the  dollars  which  would  be  required  to  improve 
the  noise  reduction  of  existing  buildings  on  a region-by-reglon  basis. 

The  costs  to  achieve  improved  noise  reduction  vary  by  region  due  to  the 
rehabilitation  modllicatlon  necessary,  construct  U'n  practices  employed, 
material  used  and  local  labor  rates.  However,  the  nu'thods  and  procedures 
for  cost  development  are  the  same  for  all  regions. 

METHODS  /\Nl)  PKOCEDUKES 

Sixty  study  buildings  form  the  basis  of  estimating  soundproofing 
costs.  The  cost  was  calculated  to  modify  each  of  these  buildings, 
grouped  by  region,  to  achieve  the  lmi'ri>ved  noise  reduction  ol  Category  A 
and  B rehabilitation.  Each  element  of  the  modification  was  estimated 
separately.  The  tot^ll  cost  of  the  modification  is  the  sum  of  all  t'lcments 
Element  cost  was  developed  from  a coiimion  cost  data  base  of  n.illonal 
construct  lot\  unit  cost  figures.  I'nit  cost  figures  were  adjusted  for 
regional  variations  In  material  and  labor  by  regional  cost  factors. 

Based  on  the  individual  building's  mod  I f icat  ii'i)  and  costing  analysis 
an  aver.ige  im>d  I f ic.i  t i on  and  ci>st  were  developed  and  applied  to  all 
buildings  in  the  region.  Separate  analysis  was  performed  for  schools  anil 
hospitals  (.public  he.ilth  lacillties  wi-re  considered  hospitals  lit  this 
procedure) . 

AMA  AAA^’ 

The  cost  data  basi'  includes  the  unit  eosts  of  all  elements  in  the 
modification  including  regional  cost  adjustment  factors  aitd  the  "markup" 
dollars.  The  rehabilitation  "markup,"  litcluding  overliead,  inofit  a\ui 
contingency,  is  a unilorm  2“'  i)ercent  ot  the  modification  cost.  The 
three  basic  cost  re  I i-reiii'es  used  to  di'velop  the  unit  cost  figuri's  were: 


I 


j. 

[ 


— 1977  Construction  Sysloms  Cos  t s , Now  York:  MoCraw 

Hill  lufonnatlon  Systems  Company 

— fhe  197  7 Dodge  Manual  for  Building;  Construction  J’rlc^lii^  aiid 
Scheduling,  New  York;  McCraw  Hill  Information  Systems  Company 

— Hospital/Healthcare  Building  Costs,  Farley,  J.  H. , Chief  Editor, 

•'  New  York:  McCraw  Hill  Information  Systems  Company 

These  manuals  are  compreliensive  and  accepted  in  construction 
pricing  practices.  The  cost  figures  are  based  on  national  cost  average:, 
which  are  updated  periodically  from  Information  collected  at  actual 
on-Job  sites  throughout  tite  country.  Current  values  represent  early 
1977  prices.  Basically,  the  values  show  labor,  material  and  total 
costs  in  square  feet  of  intended  modification.  Thus,  the  modifications 
applied  in  tiie  study  are  in  terms  of  square  footage  of  work  to  be  done, 
except  in  the  Instance  of  Heating,  Ventilating  and  Air  Conditioning  (HVAC) 
work.  Wliere  HVAC  is  Included,  the  unit  price  of  HVAC  is  based  on  the 
square  footage  of  the  room  floor. 

REC.ioNAi.  All-R^X^ENT 

While  unit  cost  figures  are  provided  on  a national  basis,  the 
Dodge  Manuals  recognize  the  variances  in  labor  and  material  costs 
throughout  the  nation.  Cost  adjustment  data  for  the  cities  listed 
in  each  of  the  study  regions  were  compiled  and  averaged  to  produce 
regional  cost  factors.  Applying  regional  factors  to  the  national  costs 
adjusts  the  unit  costs  up  or  dowit,  as  appropriate  to  the  conditions 
of  each  region. 

The  estimated  dollar  costs  for  reducing  the  Interior  noise  levels 
of  existing  schools,  hospitals  and  public  health  facilities  to  within 
feasible  and  practicable  limits  are  considered  program  costs.  These  costs 
and  the  noise  reduction  they  provide  are  presented  in  national  values. 
While  valid  in  this  context  they  are  averages  and  should  be  used  as 
reference  and  guidance  only.  Case-by-case  local  site  evaluation  and 
cost  estimating  need  to  he  accomplished  to  determine  actual  facility 
rehabilitation  costs. 

Soundproofing  costs,  by  region,  were  developed  for  both  schools  and 
hospitals  (including  public  health  facilities),  by  determining: 

— The  level  of  noise  reduction  to  be  attained  (Category  A or  B) . 

— M:id I f icat  ion  to  be  applied,  per  room. 

— The  number  of  rooms  to  be  modified  under  each  category. 

— Cost  per  room  times  number  of  rooms  per  category. 
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Koftlonal  costs  arc  the  sum  ol  all  moditlcation  coats  within  tlic 
region  and  national  costa  are  the  sum  ot  all  regional  costs. 

A key  item  in  developing  costs  was  the  degree  ol  moditlcation 
assumed  to  be  applied.  The  criteria  used  in  determining  Category  A 
vir  B Improvements  were  b.ased  on  the  I ol  lowing. 

Category  modifications  are  applied  in  the  following  manner. 

Category  B modifications  (approximately  -0  dB  improved  noise  reduction) 
are  applied  to  those  buildings /rooms  with  existing  noise  levels  of  bO  dB 
and  above  for  schools,  and  those  of  33  dB  and  above  for  hospitals  and 
public  health  facilities.  Category  A mod  1 1 Icat ions  (approximately  10  dB 
Improved  noise  reduction)  are  applied  to  those  buildings /rooms  with 
existing  noise  levels  of  30-39  dB  for  sctiools,  and  those  ol  43-3*)  dB  for 
hospitals  and  public  health  facilities.  These  criteria  also  Include  the 
feasible  and  practicable  constraints  of  ilo-nothlng  for  existing  levels 
below  50  dB  for  schools  .and  43  dB  for  hospitals.  .Such  constraints  could 
be  removed  on  an  individual  case-by-case  evaluation  and  implementation 
effort . 

NATIONWIDE  J^0  Sj;^S 

Soundproofing  cost  estimates  are  provided,  in  national  values, 
for  schools  in  Table  b,  and  for  hospitals  (including  public  health 
facilities)  in  Table  7. 


Nationwide  Soundproofing  Impact  and  Costs 
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BKNKKITS 


The  principal  benetit  in  souiuiproo f ing  public  buildings  is  the 
lowering  ot  interior  noise  levels  ot  scliools,  hospitals  and  public 
health  facilities,  thus  providing  improved  conditions  for  classroom 
communications  and  patient  rest  and  recovery.  Although  little  data 
exist  to  enable  the  translation  ot  this  direct  benefit  into  dollars, 
or  to  quantify  the  improved  educational  system,  or  to  quantify  the 
vidvantages  of  a shortened  recovery  period  of  patients,  these  aspects 
can  be  reviewed  on  a qualitative  basis. 

(Quantitative  benefits  of  sovindproof  lug  can  be  prv'jected  by  esti- 
mating dollars  saved  in  energy  (schools  and  hospitals)  and  the  dollar 
value  of  recovered  teaching  lin>e.  hid  icat  ions  are  that  benefits  also 
exist  in  p.itient  recovery  time;  liowever,  this  benefit  is  more  difficult 
to  quantify  and  has  not  been  estimated.  The  v. lines  derived  .ire  basi’d  on 
assumptions  and  projections,  subject  to  validation,  and  d(’  not  measure 
the  total  value  of  .ill  actual  benefits.  Theretore,  .my  comp.irison  ot 
the  estim.ited  national  benefits  and  estimated  n.ition.il  costs,  in  etfect, 
understates  the  .ictual  benefits  of  soundproot  ing. 


SCllOOl.S 

lor  sclun'ls,  the  benefit  I'f  soundpri'ot  ing  to  improve  verb.il  com- 
munications in  the  classroom  is  ret lected  in  an  enhancement  ot  the 
(piality  of  education  and  a reduction  of  stress  lUi  te.nchers  and  students, 
t'.nhancement  in  the  quality  ot  education  comes  about  thrv'ugh  incre.ised 
(•ommunlcat  ion  between  teachers  .ind  students  as  well  .is  tlu'  educ.ition.il 
value  of  reducing  interruptions  during  verbal  lessons.  Although  this 
benefit  could  be  qu.int  1 1 it'll  tii  Sv'me  degree  bv  ci'mp.iring  test  scores  ot 
students  exposed  to  quiet  and  noisv  environments,  the  value  ot  an 
Improved  quality  ot  educ.it  ion  is  in  effect  a priceless  commodity. 

The  reduction  (if  stress  in  the  cl.'issrov'm  achieved  by  li’wer  noise 
levels  results  from  eliminating  the  need  tor  raised  voices  and  vocal 
repet  it  liMi  in  attempts  to  maintain  ci'iiunun icat  ion  during  noise  int errupt  ii'n 
from  outside'  the'  building.  A.s  with  improve'il  e'dui'at  iiin.i  1 quality,  the' 
reduction  ('f  stress  is  an  Intangible  benetit  which  attects  not  inily 
the  participants  in  the  classroom  but  .ilso  ultimately  their  tamilies  .uul 
society  at  large. 


r 


Kluuro  5 i^rovlJos  a ^raplvlc  proseutat  ion  of  qvial  itat  Ivo  iropaot 
bonotits  in  soundproof  ing  Softools.  I'ndor  tho  oxistinp  oonditions 
in  soliools  idont  i f il'd  within  this  study,  ^ I'orot'iit  oi  all  studiuits 
.tfi*  oxposod  to  intorior  maximum  A-voighted  sound  lt‘V»  Is  of  dB*  or 
hinhor  assooiatod  with  airoraft  oporations.  Aftor  soundproof inj; , 
student  exposure  to  interior  levels  of  .S5  dB  or  higher  due  to  alroratt 
noise  is  reduced  to  less  than  percent. 

liOSlMTxU.S 


For  hospitals  and  public  health  facilities,  the  soundproofing 
benefit  of  reduced  sleep  interference  is  directly  realized  by  the 
interned  patients  in  the  form  of  a health  and  qual ity-of-llfe  benefit 
and  a potentially  shortened  recovery  period.  i\dditional  benefits  can 
also  be  achieved  in  the  potential  reduction  of  the  time  that  medical 
attendants  are  required  by  sleep-disturbed  patients.  I’he  reduction  in 
patient  noise  Impact  throu>th  soundproofing  is  graphically  presented  in 
Figure  b.  Fnder  existing  conditions  in  hospitals  and  public  health 
facilities  within  this  study,  percent  of  all  p.itlents  are  exposed 

to  Interior  maximum  x\-welghted  sound  levels  of  50  dB**  or  higher  as  a 
result  of  aircraft  operations.  .After  soundproofing,  patient  exposure  to 
Interior  levels  of  50  dB  or  higher  duo  to  aircraft  noise  is  reduced  to 
^ percent. 

iy.’ANTlTAT_m:  BENVIFITS 

KNERGY 

The  soundproofing  of  public  buildings  has  two  energy  related  effects; 

— Increased  energy  consumption  by  air  conditioning  equipment 
due  to  elimination  of  natural  ventilation. 

— Reduction  in  heat  loss  due  to  the  sealing  of  walls,  windows, 
and  other  openings. 

A study  performed  by  the  Federal  Energy  Administration,  "Energy 
Conservation  in  New  Building  Design,"  Conservation  Paper  No.  4J,  xVugust 
l'^75,  indicates  that  energy  savings  realized  by  reduction  of  heat  loss 
exceed  the  increased  energy  consumption  of  air  conditioning  (energy 
costs  based  on  1977  utility  rates). 

The  energy  consumption  required  and  the  energy  saved  through 
building  modifications.  Including  air  conditioning  as  appropriate, 
were  calculated  using  methodology  set  forth  in  a Wyle  Laboratories 
document,  "Insulation  of  Buildings  .Against  Highway  Noise,"  /August 
197b,  which  includes  the  following: 

— Net  Energy  Saving  - (energy  savings  by  sealing  and  modification)  - 
(Added  ventilation  energy) 


A level  of  35  dB  is  considered  the  ambient 
occupied  classroom. 

A level  of  50  dB  is  considered  the  ambient 
occupied  hospital  room. 


interior  noise  level  of  an 
interior  noise  level  of  an 


I' 


J 
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Hospitals  (PHF 


— F.norny  Savlnj;  by  Sealing  • (Infiltration  constant  (C))  x (Building 
Volume)  X 3ti5*  x 24 

— Energy  Saving  by  Modification  » (Tliermal  Transmittance  (u) 

Factor)  x (Area)  x (Local  Annual  Oegree/Day  x 2A) 

— Added  Ventilation  Energy  (kwh/year)  » Building  Volume 

233" 

— Welgtited  average  energy  cost  for  gas,  oil,  and  electricity 
is  applied  to  the  above  energy  consumption  to  translate  into 
1977  dollar  costs. 

The  results  of  tliese  calculations,  in  energy  dollars  saved,  for 
the  1190  public  buildings  covered  in  tiie  study  are  listed  lielow.  TIk' 
calculations  were  made  assuming  tliat  all  buildings  would  have  heating, 
ventilating  and  air  conditioning  systems. 


NET  ENERCY  SAVINGS  PER  YEAR 


NUMBER 

Sc boo  I s 1 100 

Hospitals  78 

Public  Health  Facilities  12 

TOTAL 


1.780.000 
230,000 

30,000 

2.040.000 


TEACH  I NO  TIME  R.ECi^JVjyu;!) 

Disruption  in  classrooms,  due  to  aircraft  noise,  causes  time  delays 
in  the  teaching  process.  Soundproof ing  would  reduce  these  di'lays  and 
the  time  recovered  can  he  representeil  in  an  estimated  diillar  value  *0' 
leaehing  time.  I’he  values  deti'rmined  are  based  mi  the  sinnulproof  ing  mmll- 
licatlons  as  applied  on  a national  basis.  Therefore,  the  dollars 
recovered  are  representative  of  averagi’  imiirovemmit s lor  all  schools 
where  modifications  were  conslderi'd.  ihi  a case-by-case  basis  the  actual 
teaching  dollars  recover«'d  would  he  dli'eetlv  related  to  tiu'  loi-al  school 
conditions,  frequency  of  disruptions,  ih'gree  of  mod  if ieat ion,  and  numbers 
of  teachers  impacted. 


Adjusted  to  180  days  for  schools. 
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The  dollar  values  of  teaching  time  recovered  is  spread  over  the 
total  number  of  schools,  less  those  (57)  which  were  not  modified.  Time 
recovery  increments  were  determined  using  an  average  20  second  Interruption 
per  flyover  multiplied  by  an  estimated  average  of  10  flyovers  per  school 
per  day.  An  average  hourly  wage  rate  ($12.40)  for  teachers  was  used,  which 
was  developed  from  statistical  information  compiled  by  the  Department 
of  Health,  Education,  and  Welfare,  National  Center  for  Educational 
Statistics,  and  is  based  on  180  (yearly)  teaching  days  of  six  hours  each. 
Based  on  an  average  of  25  students  per  classroom,  the  approxinvite  number 
of  teacher's  whose  time  is  under  consideration  is  26,500. 


TEACH INC  TIME  RECOVERED 

PERIOD  DOLLARS  (1977) 

Average  value  per  day  18,300 

Average  value  annually  (180  school  days  a year)  3,300,000 

(Estimated  value  of  daily  teaclier  t One  recovered  * 

10  X 20  X 12.40  X 26,500  “ $18,300) 

3600 
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CHAPTER  7 


FEASIBILITY  AND  PRACTICABIL I TY 


In  general,  the  soundproofing  of  schools,  hospitals  and  public- 
health  facilities  impacted  by  aircraft  noise  is  both  feasible  and 
practicable.  While  feasible  and  practicable,  there  are  limits  regarding 
the  application  of  soundproofing  modifications  in  achieving  specified 
levels  of  noise  reduction.  It  is  neither  feasible  or  practicable  to 
conclude  that  all  buildings  within  this  study  can  or  would  be  "sound- 
proofed" to  the  threshold  levels  of  speech  or  sleep  Interference. 

However,  on  a national  scope,  the  rehabilitation  modifications  available, 
the  noise  reduction  attainable,  and  the  benefits  derived  support  the 
feasibility  and  practicability  of  soundproofing  public  buildings. 

FEASIBILITY’ 


Soundproofing  existing  public  buildings  is  considered  feasible  in 
that  it  involves  structural  modifications,  or  element  replacement,  which 
are  attainable  and  available.  It  is  true  that  all  buildings  will  not 
attain  the  same  level  of  noise  reduction  for  a given  degree  of  modification 
due  to  differences  in  design,  construction,  age,  general  repair  and 
remaining  life  expectancy.  However,  within  limits,  applying  feasible 
modifications  to  these  conditions  provides  for  improved  noise  reduction. 

In  certain  instances  soundproofing  would  not  be  feasible.  As  an  example, 
it  would  be  less  than  feasible  to  spend  rehabilitation  dollars  on  a 
building  of  projected  short  life  use;  or,  on  one  which,  because  of  its 
state  of  general  repair,  would  have  sufficient  "leaks"  after  soundproofing 
to  prevent  attainment  of  the  rehabilitation  objectives  in  noise  reduction. 
This  situation  is  the  exception  rather  tlmn  the  rule. 

PRACTICABILITY 

The  practicability  of  soundproofing  is  supported  by  both  technical 
and  design  considerations.  The  architectual  and  engineering  demolition, 
redesign  and  reconstruction  expertise  is  available.  The  labor  and 
material  for  element  replacement  and/or  modification  exist.  With  but 
few  exceptions  the  basic  existing  structures  are  capable  of  modifications. 
For  those  buildings  where  desired  modifications  are  not  teclinically 
practicable,  reduced  levels  of  modification  having  correspondingly  lower 
resulting  noise  reduction  benefits  might  be  considered.  Practicable 
limits  could  preclude  any  mot)  I f lea  t ion  at  all. 

Further  consideration  must  be  given  to  the  scheduling  and  on-site 
work  period  of  all  building  modifications  considered.  Work  should  be 
scheduled  ana  carried  out  on  a least  disruptive  basis.  It  would  be 
impractical  to  disrupt  the  buildings'  use  and  occup.incy,  especially 
hospitals,  for  extended  periods  of  time. 
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CONSULTATION  AND  RLVIKW 


The  consultative  process  was  used  throughout  tlie  study's  di“ve  1 opnieiit  , 
contractual  efforts  and  during  the  preparation  of  this  final  report. 

Cuidance,  data  input  and  views  were  sought  from  otlier  federal  ag.encies, 
state  and  local  authorities,  scltool  and  hospital  administrations,  and 
recognized  organizations  having  an  interest  or  exi)ertise  In  the  sound-- 
proi'fing  of  buildings  for  noise  reduction  ]5urposes.  In  addition,  inter- 
national input  was  solicited.  Information  was  requested  from  23  countries 
regarding  their  soundproofing  programs  (if  any),  its  cost,  and  resull.inl 
public  benefits. 

Various  means  of  program  coordination  were  used,  including: 

— t;or respondence  exchange. 

— On-site  meetings  with  local  authorities.  ! 

— Contractual  progress  briefings  (1).  ^ 

— Distribution  of  contractual  draft  report.  ^ 

— Intradepartment.'il  review.  ‘ 

( 

--Public  briefings.  i 

DOMESTIC 

In  general,  federal,  st.ite  and  local  authorities  directlv  involved  ) 

with  noise  control  progr.ims  expressed  a positive  interest  in  tlu'  studv,  i 

felt  its  objectives  were  very  important,  and  gave  full  coi'per.-it  ion  in 

on-site  Investigations  and  data  submission.  Some  state  and  local  f 

administrations  were,  however,  passive  to  negative  regarding  t lie  study  ' 

or  the  need  for  the  soundproofing  of  public  buildings. 

1 N n^RNAT  UINAL 

t 

riie  international  responses  received  indicate  moder.ite  to  extreme  ;! 

interest  in  a public  building  soundproofing  program.  Responses  indicate  j 

th.it  within  seven  countries,  to  varying  degrees,  a program  curii'iitlv  j 

exists.  , j 

— Cermnin’.  Soundjiroot  ing  is  not  limited  to  public  buildings 
and  is  subsidized  under  the  provisiinis  ot  Article  d ot  their 

Aircraft  Noise  Reduction  Law.  funds  are  avail.ible  I rom  the  I 

general  revenue  funds  of  the  airport  oper.itors  tor  areas 

■ 


L 


J 
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surrounding  civil  airports  and  from  the  Defense  Ministry's 
Budget  in  the  case  of  military  air  bases.  The  amount  of  the 
subsidy  is  fixed  by  ordinance,  and  currently  is  at  a rate  of 
130  Deutschmarks  per  square  meter  (equivalent  to  approximately 
$b.00  per  square  foot)  of  soundproofing  rehabilitation.  Subsidy 
payments  are  made  upon  application  by  real  property  owners. 

Civil  subsidies  for  the  period  197fa-1980  are  expected  to  be 
45  million  Deutschmarks  (approximately  $18,700,000).  No  information 
was  obtained  regarding  the  number  of  buildings  soundproofed  or  the 
public's  reaction  to  the  program. 

Canada.  Soundproofing  programs  are  a local  municipal  action. 

The  Federal  Department  of  Transport  disclaims  responsibility. 

Thus,  as  a function  of  funds  available,  programs  are  imple- 
mented or  not  by  individual  cities.  Funds  are  provided  from 
the  municipality's  Education  Capital  Budget.  TiU'onlo's  program 
includes  25  schools,  7 of  wiucl\  have  completed  their  soundproofing 
activities.  Total  estimated  costs  are  approximately  $5, 000, 0(H) 

($200,000  per  school  average).  Public  reaction  is  reportedly 
favor.able  where  schools  have  been  soundproofed. 

Japan . A program  for  soundproofing  public  buildings  lias  been 

underway  in  Japan  for  approximately  10  years.  It  is  controlled 

and  funded  at  the  national  level.  Revenue  is  provided  through 

taxes  and  user  charges.  Regulations  provide  tor  sudsldii-s  of 

75  to  100  percent  of  the  total  cost.  The  aver.tge  percent  of  subsidv, 

over  the  program's  10  years,  is  90%.  While  Japan's  total  (irogram  includes 

private  homes,  emphasis  has  been  placed  on  public  buildings. 

To  date,  725  public  buildings  have  been  rehab  i 1 i t at  I'd  at  a cost  I't 
approximately  $110,000,000  (approximately  $lti0,000  aver.ige  per 
building).  $27,b00,000  has  been  budgeted  for  t'uhlic  buildings 
yet  to  be  modified.  The  public  is  pleased  with  the  results  of 
their  soundproofing  program,  so  far. 

Israel.  A formal  soundproofing  program  does  lu't  exist,  howi'ver, 
two  buildings  near  Ben  Curion  Airport  have  been  soundproot  eil  v'u 
an  experimental  basis,  at  goveriuiient  expense.  Neither  publii- 
reactions  nor  the  costs  of  this  experiment  were  available. 

France.  Approximately  bO  schools  and  13  medical  buildings  have  been 
soundproofed  in  France.  Additionally,  France  is  repiu'ted  to  have 
established  a relocation  program  concurrent  with  their  sound- 
proofing program.  Details  of  costs  and  public  ri-act  ion  wort' 
not  available  on  either  program. 

Dnlted  Kinj>dom  (I'K)  . Private  dwellings  have  bci-n  .ind  aie 
currently  candld.ites  for  UK's  soundproofing  prog, ram.  To  dati-, 
consideration  has  not  been  given  to  public  builtlings.  I’rogr.am 
costs  and  public  response  was  not  submitted. 

Netlu'r  Kinds.  An  existing  program  parallels  that  of  the  United  Klngdi'm. 
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For  those  countries  where  soundproofing  programs  are  in  existence, 
details  on  the  modification  or  degree  of  soundproofing  were  not  available. 
However,  the  tabulation  of  actual  costs  for  soundproofing  in  these 
countries  compare  closely  with  the  estimated  costs  determined  in  this 
study.  Examples: 


COUNTRY 

COSTS  IN 

DOLLARS  (U.S.) 

$/Sq  Ft 

$/Buildlng 

United  States  (Estimates) 

6.-H- 

180,000 

Germany  (Actual) 

6.-H- 

- 

Canada  (Actual-7  Bldgs) 

200,000 

(Est.  - 25  Bldgs) 

- 

200,000 

Japan  (Actual  - 725  Bldgs) 

- 

160,000 

Israel  (Actual  - 2 Bldgs) 
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CHAPTER  9 


KINDINCJS 


Based  on  the  sovindproot Ing  study  conducted,  it  was  tound  that: 

— Soundproof ing  of  schools,  hospitals  and  public  health  facilities 
located  near  airports  is,  within  limits,  botti  a feasible 
and  practicable  means  for  alleviating  tlte  impact  of  aircraft 
noise. 


— The  costs  of  applying  feasible  and  practicable  soundproofing 
nu'd I f Icat  ions  to  existing  candidate  buildings  have  been  esti- 
mated to  be  approximately  $200,000  per  building.  This  amount 
compares  closely  with  the  actual  costs  ol  soiiiuipia'of  ing  similar 
buildings  in  foreign  countries. 

— Soundproofing  would  significantly  reduce  the  Impact  on  students 
in  schools  and  patients  in  hospitals  and  public  health  facilities 
(see  Figures  5 ;ind  b)  . 

— Soundproofing  would  prvwlde  social  and  ecomimlc  benel  its  bevimd 
impri>ved  classroiw  communications  and  patient  recovery. 

— Any  soundproofing  of  public  buildings  should  be  sensitive 

to  case-by-case  evalu.atlon  and  assessment  ol  a candidate  site. 
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